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2FFXSDWLRQDO 6DIHW\ DQG+HDOWK V\VWHPV >@ ZLWKLQ RUJDQL]DWLRQV DUH IUHTXHQWO\PHW 7KHVH V\VWHPV KDYH WKHLU
REMHFWLYHV DOLJQHG ZLWK WKH RQHV RI HDFK RUJDQL]DWLRQ DQG LQ HDFK FDVH D JRYHUQDQFH PRGHO LV IROORZHG
³$FNQRZOHGJLQJ DQG GHDOLQJ ZLWK JRYHUQDQFH VKRXOG EH SDUW DQG SDUFHO RI WKH SODQQLQJ DQG LPSOHPHQWDWLRQ
SURFHVV´>@
)LUH SURWHFWLRQ LV D FRQVWDQW SUHRFFXSDWLRQ LQ WKH26+ FXOWXUH0RUHRYHU RUJDQL]DWLRQV VKRXOG EH FRQFHUQHG
ZLWKPLQLPL]LQJFRVWVLQFDVHVXFKDKD]DUGGRHVKDSSHQ:HXQGHUVWDQGWKHUHE\ERWKVDYLQJRIOLYHVDQGPDWHULDO
ORVV SUHYHQWLRQ LQ FDVH RI D ILUH RFFXUUHQFH ,Q WKLV UHVSHFW LQ WKH IROORZLQJ VHFWLRQV ZH ZLOO SURSRVH D VHW RI
PHDVXUHVWRPLQLPL]HORVVHVLQFDVHRIDILUHIRFXVLQJRQUHGXFLQJWKHGDPDJHLQFDVHRIDKD]DUG
7KHFDVHVWXG\GHVFULEHVWKHVWHSVUHTXLUHGWRFRQVLGHULQWKHHYHQWRID ILUHLQDZDUHKRXVH:HZLOO IRFXVRQ
GLIIHUHQWDVSHFWVIURPILUHLJQLWLRQFKDUDFWHULVWLFVWKUHDWUHPRYDOWKHILUHVRXUFHDQGYDULRXVVWUDWHJLHVRIVWRULQJ
WKHPDWHULDOVLQWKHZDUHKRXVHLQRUGHUWRUHGXFHPDWHULDOORVV
,Q WKHFRQFOXVLRQ VHFWLRQREVHUYDWLRQV WRHQKDQFH WKHZDUHKRXVHPDQDJHPHQW IRU ILUH SUHYHQWLRQSXUSRVHVDUH
SUHVHQWHG WKDW  DUH XVHIXO DV DQ LQWHJUDWHG SDUW RI WKH SURIHVVLRQDOV¶ TXDOLW\ WUDLQLQJVFKHPHV DQG GHYHORSPHQW
ZRUNLQJLQILUHSUHYHQWLRQ>@
7KHRUHWLFDOEDFNJURXQG
*HQHUDOVDIHW\26+VWDQGDUGVIRUZDUHKRXVHV
:DUHKRXVHVSOD\DQLPSRUWDQWUROHZKHQLWFRPHVWRWKHUHFHSWLRQGHOLYHU\DQGVWRUDJHRIYDULRXVW\SHVRIJRRGV
DQG ZDUHKRXVLQJ SOD\V D FULWLFDO UROH LQ HQVXULQJ KLJK OHYHOV RI FXVWRPHU VHUYLFH DQG RYHUDOO VXSSO\ FKDLQ
SHUIRUPDQFH > @ WKH ULVN DVVHVVPHQW DQGPDQDJHPHQW SURFHVV KDV WDNHQ QRZDGD\V D JUHDW LPSRUWDQFH >@$
ZDUHKRXVHZKLFKLVZHOORUJDQL]HGVDIHDQGHIILFLHQWO\PDQDJHGLVDNH\HOHPHQWLQDOORSHUDWLRQDODFWLYLWLHV'XH
WRWKHFRPSOH[VFHQDULRVWKDWPD\RFFXUDVZHOODVWKHKHWHURJHQHRXVQDWXUHRIWKHJRRGVZDUHKRXVHVEHDUDKLJKHU
ULVNRIDFFLGHQWVKHQFHWKHQHHGWRGHILQHDVHULHVRIVDIHW\VWDQGDUGVLQWKLVUHVSHFW>@
$PRQJ WKH DFFLGHQWV WKDW PD\ RFFXU EHFDXVH RI KDQGOLQJ WKH JRRGV WKHUH DUH VOLSV IDOOV EUXLVHV FXWV
FRPEXVWLEOHPDWHULDOVEHLQJVHWRQILUHHWF³5LVNDVVHVVPHQWLVSHUFHLYHGE\VRPHDVDSHUPLVVLYHWHFKQLTXHZKLFK
HLWKHUUHVXOWVLQPLQLPDODFWLRQRUZKLFKHQGRUVHVWKHVWDWXVTXRRQWKHJURXQGVWKDWWKHULVNWRKHDOWKLVQHJOLJLEOH
RUPDQDJHDEOH%\FRQWUDVWWKHLGHQWLILFDWLRQRIDKD]DUGDORQJZLWKDSUHFDXWLRQDU\DSSURDFKLVKHOGWREHJRRG
DQGVXIILFLHQWUHDVRQIRULQWHUYHQWLRQRUDFWLRQHLWKHUE\ZD\RISUHYHQWLRQRUFRQWUROV´>@'HSHQGLQJRQWKHW\SH
RIWKUHDWRFFXUUHGZHFDQGHILQHDVHULHVRIVDIHW\UXOHV
x *HQHUDO VDIHW\PHDVXUHV 7KH\ FRYHU JHQHUDO DVSHFWVPDLQWDLQLQJ WKH IUHH DFFHVV RQ HVFDSH URXWHV HDV\
DFFHVVWRH[WLQJXLVKLQJDJHQWVDQGILUHILJKWLQJGHYLFHVLPPHGLDWHGLVSRVDORIGLVFKDUJHGJRRGVHQVXUH26+
VSHFLILFWUDLQLQJFRXUVHVHWF
x +DQGOLQJRIJRRGVDFFRUGLQJWR26+VWDQGDUGV%RWKLQWHUQDOUHJXODWLRQVDVZHOODVWKHOHJDOVWDQGDUGVKDYH
LQ SODFH VSHFLILF UXOHV IRU VWRULQJ DQG KDQGOLQJ RI JRRGV 7KRXJKWIXO RUJDQL]DWLRQ RI YDULRXV JRRGV RQ
VKHOYHV LQ WKH ZDUHKRXVH NHHSLQJ WKH DFFHVV DUHDV IUHH GLVSRVDO RI WUDVK DQG XQQHFHVVDU\ SDFNDJLQJ
PDWHULDOEXWPRVWO\WKHFDXWLRXVKDQGOLQJVRIGDQJHURXVVXEVWDQFHVDUHDOOLPSRUWDQWDVSHFWVWRFRQVLGHULQ
WKLVFDVH
x 3URWHFWLRQHTXLSPHQW:LWKWKHSXUSRVHRISHUVRQDOODERUSURWHFWLRQDJDLQVWSRWHQWLDODFFLGHQWVDOOSHUVRQDO
SURWHFWLRQHTXLSPHQWIRUODERUZRUNHUVDUHHVVHQWLDO
x 3DFNLQJDQGXQSDFNLQJRIJRRGV:KHQHYHUWKHUHDUHJRRGVLQWKHZDUHKRXVHZKLFKPXVWEHHLWKHUSDFNHG
RUXQSDFNHGVSHFLDODWWHQWLRQVKRXOGEHJUDQWHGWRWKHZD\WKHFXWWLQJGHYLFHVDUHKDQGOHGEXWDOVRWRWKH
ZD\WKHSODVWLFRUPHWDOOLFVWULSVDUHWLHGRUUHPRYHG'XULQJWKHSURFHVVLWLVKLJKO\UHFRPPHQGHGWRZHDU
VSHFLDOJORYHVLQWKLVUHVSHFW
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6SHFLILFVWDQGDUGVLQFDVHRIZDUHKRXVHILUHSUHYHQWLRQDQGH[WLQFWLRQ
7KHILUHPDQDJHPHQWSODQGHILQHVKRZILUHVDIHW\LVEHLQJDGGUHVVHGDQGKRZWKHRZQHUZLOOPDQDJHILUHVDIHW\
LQWKHEXLOGLQJV>@'HILQLQJDQ\ILUHSUHYHQWLRQDQGH[WLQFWLRQVWDQGDUGVVKRXOGVWDUWIURPWKHPRPHQWWKHILUH
ULVNLVDVVHVVHG:HZLOOGHILQHWKHULVNDVEHLQJWKHSUREDELOLW\RIKDYLQJDQHYHQWLQRXUFDVHDILUHPDWHULDOL]HG
$PRQJWKHULVNVWKDWPLJKWUDLVHWKUHDWVZHPHQWLRQWKHQDWXUHRIJRRGVIXHOFRPEXVWLEOHPDWHULDOVHWFIDXOW\
HOHFWULFDO LQVWDOODWLRQV DOO VRUWV RI KHDWLQJ HTXLSPHQW ZKLFK DUH QRW SURSHUO\PRQLWRUHG VSDUNV RU KHDW UHVXOWLQJ
IURP RYHUKHDWLQJ RI FHUWDLQ PDWHULDOV FXWWLQJ DQG ZHOGLQJ RSHUDWLRQV FKHPLFDO UHDFWLRQV DPRQJ FHUWDLQ VWRUHG
PDWHULDOV >@ 9DULRXV VLPSOH DQG VRSKLVWLFDWHG ILUH DQG JDV GHWHFWLRQ V\VWHPV DUH DYDLODEOH WR SURYLGH HDUO\
GHWHFWLRQDQGZDUQLQJV>@,QRUGHUWRPLWLJDWHWKHVHULVNVDVHULHVRIPHDVXUHVDUHUHFRPPHQGHGWREHWDNHQDV
IROORZV
x 7KH VWRUDJH DQG XVDJH RI GDQJHURXV PDWHULDOV 6WRUDJH RI IODPPDEOH PDWHULDOV PXVW EH FDUHIXOO\
FRQVLGHUHG DQG VKRXOG EHPDGH RQO\ LQ VSHFLILFDOO\ IODJJHG DQG GHVLJQDWHG VSDFHV$V IDU DV WKH XVH RI
IODPPDEOHVXEVWDQFHVZLWKLQ WKHZDUHKRXVHLVFRQFHUQHGWKLVVKRXOGEHUHGXFHGDVPXFKDVSRVVLEOHRU
UHSODFHGZKHUHPDQDJHDEOH
x 0DLQWHQDQFHRIHOHFWULFDOHTXLSPHQW >@$OO IDXOW\HOHFWULFDOHTXLSPHQW LVD IUHTXHQWSRWHQWLDOFDXVHRI
VWDUWLQJDILUH5HJDUGOHVVLILWLVWKHRYHUKHDWHGFDEOHVGDPDJHGLQVWDOODWLRQVRULQDGHTXDWHLQVXODWLRQVDOO
WKHVHFDQHDVLO\EHFRPHILUHVWDUWHUV
x 8VDJH RI XWLOLWLHV DQG HTXLSPHQW LQ WKH ZRUNSODFH 7KH HTXLSPHQW PDFKLQHU\ DQG XWLOLW\ GHYLFHV QHHG
UHJXODUDQGDGHTXDWHPDLQWHQDQFHLQRUGHUWRDYRLGSRWHQWLDOOXEULFDQWVSLOOVDQGGULSV6LPLODUO\DOOKHDW
VRXUFHVPXVW EH LVRODWHG DQG FDUHIXOO\PRQLWRUHGZKHQ XVHG >@ ³KRWZRUNV VXFK DV JULQGLQJ FXWWLQJ
ZHOGLQJRUSRVVLEO\VPRNLQJ´>@UHSUHVHQWSRWHQWLDOKLJKULVNDFWLYLWLHV
5HVHDUFKPHWKRGRORJ\
7KHSURSRVHGPHWKRG LVEDVHGRQDQH[SHULPHQWDO VWXG\ LQZKLFKD ILUHVLPXODWLRQ LVFDUULHGRXW LQ VWRUDJH LQ
FHUWDLQ JLYHQ FRQGLWLRQV >@ 7KH VWXG\ ZDV FRQGXFWHG LQ 0DUFK-XQH  LQ WKH ODERUDWRU\ 2OWURQD GL 6DQ
0DPHWWHUHVSHFWLYHO\&RQWURJXHUUDODERUDWRU\LQ,WDO\>@'XULQJWKHH[SHULPHQWZHWDNHLQWRDFFRXQWWKHQDWXUH
DQGTXDQWLWLHVRIPDWHULDOV VWRUHGDQG WKH W\SHRI VWRUDJH RSHQVWUXFWXUHRYHUODSSLQJ OD\HUV'HSHQGLQJRQHDFK
RXWFRPHFULWLFDOREVHUYDWLRQVDUHEHLQJPDGHUHODWHGWRWKHLJQLWLRQPDQQHUDQGFHUWDLQFRPEXVWLRQFKDUDFWHULVWLFV
IRUHDFKPDWHULDOXQEXUQHGKHLJKWPDVVORVVDQGWRWDOKHDWUHOHDVH:HDQDO\]HWKHIROORZLQJVFHQDULRV
x 6HWWLQJILUHRIDSDOOHWRISURGXFW
x 6HWWLQJILUHRIDVWDFNRISDOOHWVRIZRRGSODFHGDWWKHJURXQGIORRUOHYHORIWKHGHSRVLW
x ,QYHVWLJDWHWKHILUHLPSDFWRIGLIIHUHQWW\SHVRISDSHUXVHGIRUSDFNDJLQJPDWHULDOV
7KHILUVWWZRVFHQDULRVDUHFRQVLGHUHGWRUHSUHVHQWWKHVLWXDWLRQRIKLJKHVWULVNLQGH[WKHILUVWVFHQDULRKDYLQJD
KLJKHUIUHTXHQF\RIRFFXUUHQFHZKLOHWKHVHFRQGRQHLQWURGXFHVWHVWVSHUIRUPHGRQDGGLWLRQDOPDWHULDOVLQRUGHUWR
RIIHU ORJLVWLF VXSSRUW LQ WKHZDUHKRXVH ,Q WKH ODWWHU WKH UHDOZDUHKRXVH FRQGLWLRQV DUH UHSURGXFHG ODUJH VFDOH
WDNLQJWKHVWDFNRISHOOHWVDVWKHREMHFWRILQYHVWLJDWLRQ
,QDGGLWLRQWRFRQVLGHULQJWKHQDWXUHRIWKHSURGXFWVVWRUHGLQWKHZDUHKRXVHZHZLOODOVRREVHUYHWKH LJQLWLRQ
EHKDYLRU RI GLIIHUHQW W\SHV RI SDSHU XVHG DV D SDFNDJLQJ PDWHULDO WKLUG VFHQDULR 7KLV LV DQ HVVHQWLDO SRLQW WR
FRQVLGHUGXHWRWKHIDFWWKDWDOOWKHSDFNLQJPDWHULDOIRUVWRUHGJRRGVLVPDGHRXWRIGLIIHUHQWSDSHUW\SHV
0DWHULDOVXVHG
/RRNLQJDW WKH UDQJHRISURGXFWV VWRUHG LQ WKHZDUHKRXVHZHVHOHFWD VDPSOHRI WKHPDWHULDOVZKLFKDUHPRVW
SUREDEOHWREHSUHVHQWLQODUJHTXDQWLWLHVLQWKHZDUHKRXVH>@7KHLUFKDUDFWHULVWLFVDQGSDUWLFXODULWLHVDVZHOODV
TXDQWLWLHVUHSUHVHQWDSRWHQWLDOFRPELQDWLRQIDFWRUFDSDEOHRIDFFHOHUDWLQJWKHILUHLJQLWLRQDQGSURSDJDWLRQ
,QWKHILUVWVFHQDULRWKHUHDUHDQDO\]HGSURGXFWVIRUKXPDQRUDQLPDOFRQVXPSWLRQIRGGHU
x :KHDWIORXUW\SH±%
x &RZVXSSOHPHQWVSHOOHWV03
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x &KLFNHQIRGGHUFUXPEOHV/J
x :KHDW%UDQ
x &RUQ
:H DVVXPH WKDW WKHVH DUH FRQWDLQHG LQ  NJ EDJV DQG VWRUHG LQ ZRRGHQ SDOOHWV DERXW  EDJV HDFK
+RZHYHUDWWKLVVWHSDOOWHVWVDUHSHUIRUPHGLQWKHODEVPDOOVFDOH
,QWKHVHFRQGVFHQDULRZHDQDO\]HWKHLJQLWLRQEHKDYLRURISURGXFWVRXWRIWKHILYHDERYHZKHDWIORXUDQGFRZ
VXSSOHPHQWV DQG FRPSDUH WKH WHVW UHVXOWV LQ UHDOZDUHKRXVH FRQGLWLRQV:HDQDO\]H WKH UHVXOWV IRU VWDFNHG IORXU
EDJVSDOOHWVRIVWDFNHGIORXUEDJVVWDFNHGFRZVXSSOHPHQWEDJVDQGHPSW\ZRRGVWDFNHGSHOOHWV
)LQDOO\IRUWKHWKLUGVFHQDULRWKHSDFNLQJPDWHULDOVWHVWHGDUH
x :KLWHIORXUSDSHUEDJ
x 'RXEOHOD\HUSDSHUEDJEURZQZKLWH
x 'RXEOHOD\HUEURZQSDSHUEDJEURZQEURZQ
'HVFULSWLRQRIWHVWPHWKRG
)LUVWVFHQDULR
:HGHWHUPLQHWKHWKHUPDOHQHUJ\7RWDO+HDW5HOHDVHUHVXOWLQJIURPWKHLJQLWLRQRIWKHUHOHYDQWSURGXFWVDPSOHV
PHQWLRQHGDERYHE\SHUIRUPLQJUHOHYDQWWHVWVDQGHYDOXDWLQJWKHIODPHSHQHWUDWLRQIRUHDFKVDPSOH
7RFDOFXODWHWKHWKHUPDOSRWHQWLDOZHPXVWILQGDQH[SHULPHQWDOSDUDPHWHUWKDWWDNHVLQWRDFFRXQWWKHUHDVRQDEOH
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
x 7KHZKROHEDJLVZHLJKHGRQDKLJKSUHFLVLRQVFDOHWRGHWHUPLQHWKHGHQVLW\RIWKHWHVWHGSURGXFWWRWDO
ZHLJKWRINJ
x :HZLOOPDNHDSDSHUER[VLPLODUWRWKHFRQHFDORULPHWHUPHDVXUHPHQWUHTXLUHPHQWVWKHER[LVPDGH
RXWRI5LHSHUSDSHUEDJV
x :HZLOOILOOWKHER[ZLWKIORXUXQWLOWKHGHVLUHGZHLJKWLVUHDFKHG
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x :HZLOOFORVHWKHER[ZLWKDOXPLQXPWDSHDQGWKHQZHLJKWWKHVDPSOH
6HFRQGVFHQDULR1RUPDOVFDOH
7RUHFRQVWUXFWD¿UHVFHQHWKHEHVWZD\LVWRGRDIXOOVFDOHH[SHULPHQW>@:LWKWKHDLPRIREVHUYLQJWKHILUH
LJQLWLRQEHKDYLRULQWKHDFWXDOVWRUDJHORFDWLRQWKHZDUHKRXVHVKHOIVWUXFWXUHLVUHSURGXFHG7KHILUHLVWULJJHUHGDW
WKH WRS RI WKH VKHOI VFHQDULR UHVXOWLQJ IURP YHU\ ULVN\ ILUH RXWEUHDN VLWXDWLRQV OLNH DFFLGHQWDO VFDIIROGLQJ ILUH
YDQGDOLVPRUVDERWDJHDFWV7KHHYHQWLVWULJJHUHGE\DSUHPL[HGDLUSURSDQHEXUQHUDFFRUGLQJWR(1ILUHWHVW
PHWKRGUHDFKLQJDPD[LPXPKHDWRXWSXWRIN:LQWKHILUVWWZRPLQXWHVDQGN:RYHUWKHQH[WHLJKWZLWKWKH
SRVVLELOLW\RIDFKLHYHDWKHUPDODWWDFNVXUIDFHWHVWHGYDULDEOHEHWZHHQDQGN:Pð)RUWKHVWDFNHGEDJVZH
XVHD9HQWXULPL[HU1PLQIRUYHQWLQJSXUSRVHV7KHSRVLWLRQLQJRIWKHEXUQHULVDWPPIURPWKHEDJVOHYHO
DQGPPIURPWKHJURXQG7KHILUHH[KDXVWLRQIORZLQFRPSOLDQFHZLWK,62 PñVZLWKDILUHGXUDWLRQ
RIV)RUWKHHPSW\ZRRGSHOOHWVWKHILUHH[KDXVWLRQIORZLVRIPñVZLWKDGXUDWLRQRIV
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1032   Ioana Lorena Balan et al. /  Procedia Technology  22 ( 2016 )  1028 – 1034 
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ODUJH VFDOH H[SHULPHQW ZDUHKRXVH VFDOHZH FDQPDNH D VHULHVRI XVHIXO REVHUYDWLRQV WR HQKDQFH WKHZDUHKRXVH
PDQDJHPHQW IRU ILUHSUHYHQWLRQSXUSRVHV7KH IROORZLQJSURSRVDOVDUHRIFRPPRQ VHQVH LQ WKLVFDVH LQ WHUPVRI
UHGXFLQJPDWHULDOORVVLQWKHHYHQWRIDSRWHQWLDOILUH
7KH SODFHPHQW RI JRRGV LQ WKH ZDUHKRXVH LV H[WUHPHO\ LPSRUWDQW LQ FDVH RI D ILUH $SDUW IURP IROORZLQJ WKH
JHQHULF VWRUDJH DQG WUDQVSRUWDWLRQ UHTXLUHPHQWV WKH SRWHQWLDO KHDW LQGLFDWRU PXVW EH FRQVLGHUHG PHDQLQJ WKDW
PDWHULDOVZLWKKLJKYDOXHVVKRXOGEHSODFHGQHDUORZYDOXHPDWHULDOVOHVVIODPPDEOH7KHZDUHKRXVHPDQDJHPHQW
VKRXOGLVRODWHDOOYHU\H[SHQVLYHPDWHULDOVDQGSODFHWKHPDZD\IURPWKHKLJKO\IODPPDEOHRQHV'XHWRWKHKLJK
ULVNRI ILUHEXWDOVRGXHWRWKHGDPDJHVUHVXOWHGPRUHILUHH[WLQJXLVKHUVVKRXOGEHPRXQWHGLQWKLVDUHDDQGWKH
DFFHVVNHSWFOHDUDWDOOWLPHV>@7KHVWRUDJHDUHDVRIWKHVH³KLJKULVN´PDWHULDOVPXVWKDYHVSHFLDOYHQWVWRDOORZ
VXIILFLHQWDLU IORZDWDOO WLPHVDQGQRQHWKHOHVV VRPHGHGLFDWHGHYDFXDWLRQH[LWV'XH WR WKH VSHHGDWZKLFK WKHVH
PDWHULDOVEXUQVKRXOGEHLQVWDOOHGVRPHVSHFLDOK\GUDQWVIRUHPHUJHQF\LQWHUYHQWLRQVLQWKHZDUHKRXVHSUR[LPLW\
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DUH
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